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(54) TRENCH ELEMENT SOLATION METHOD FOR SEMICONDUCTOR ELEMENT AND 
SEMICONDUCTOR ELEMENT USING THE SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To suppress occurrence of 
dents in a trench element isolation process by forming a 
trench etching mask pattern on a semiconductor 
substrate, forming over the entire surface of the 
semiconductor substrate, a dent-preventing film on the 
sidwall of the trench etching mask pattern, and 
depositing a liner layer on the dent-preventing film. 
SOLUTION: A part of a semiconductor substrate 100 is 
etched with a mask pattern 104 as a mask to form a 
trench 106, the inside wall of which is thermally oxidized 
to form an ih-trench oxide film 108. A dent-preventing 
film 110 of . a CVD oxide film with a film quality which has !Q4-; 
an etching selection ratio to a nitride film is deposited on 
the resulting object where the in-trench oxide film 108 is 
formed. After a liner layer 112 is formed using a nitride 
film, a high-temperature oxide film formed at such high 
temperature as 700-9000° C is deposited, which is 
further treated with ammonia plasma processing. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The trench isolation method of a semiconductor device characterized by providing the 
following. The 1st process which forms the mask pattern for trench etching on a semiconductor 
substrate. The 2nd process which forms a trench in a semiconductor substrate using the 
aforementioned mask pattern for trench etching. The 3rd process which forms a hollow 
prevention film all over the aforementioned semiconductor substrate so that a thin film may be 
formed in the side attachment wall of the aforementioned mask pattern for trench etching at 
least. The 6th process which removes a part of insulator layer for isolation which carried out 
[ aforementioned ] exposure of the front face of a semiconductor substrate so that the 5th 
process which carries out the deposit of the insulator layer for wrap isolation, and the 
aforementioned mask pattern for trench etching might be exposed at the same time it embeds 
the 4th process which carries out the deposit of the liner layer on the aforementioned hollow 
prevention film, and the aforementioned trench, and the 7th process which removes the 
aforementioned mask pattern for trench etching. 

[Claim 2] The semiconductor substrate of the 1st process of the above is the trench isolation 
method of the semiconductor device according to claim 1 characterized by being the 
semiconductor substrate in which the pad oxide film was formed. 

[Claim 3] The trench isolation method of the semiconductor device according to claim 1 
characterized by providing further the process which forms an antireflection film on the mask 
pattern of the 1 st process of the above. 

[Claim 4] The aforementioned antireflection film is the trench isolation method of the 
semiconductor device according to claim 3 characterized by forming in 150-1500A thickness 
using either among SiON, oxide films, and these bipolar membranes. 

[Claim 5] The hollow prevention film of the 3rd process of the above is the trench isolation 
method of the semiconductor device according to claim 1 characterized by being membraneous 
quality with the aforementioned liner layer and an etching selection ratio. 

[Claim 6] The membraneous quality with the aforementioned liner layer and an etching selection 
ratio is the trench isolation method of the semiconductor device according to claim 5 
characterized by being the oxide film in which the deposit was carried out by the chemistry 
gaseous-phase vacuum deposition. 

[Claim 7] The membraneous quality with the aforementioned liner layer and an etching selection 
ratio is the trench isolation method of the semiconductor device according to claim 5 
characterized by being the oxide film which the deposit of the silicon film was carried out [ oxide 
film ] and oxidized it 

[Claim 8] The hollow prevention film of the 3rd process of the above is the trench isolation 
method of the semiconductor device according to claim 1 characterized by being the compound 
liner layer in which the nitride and the oxide film were formed alternately once [ at least ] or 
more. 

[Claim 9] The liner layer of the 4th process of the above is the trench isolation method of the 
semiconductor device according to claim 1 characterized by forming in 20-300A thickness using 
a nitride. 



[Claim 10] The trench isolation method of the semiconductor device according to claim 1 
characterized by giving further the process which forms the . high-temperature-oxidation film for 
suppressing the injury from the outside while maintaining the thickness of a liner layer, after 
forming the liner lay r of the 4th process of the above. 

[Claim 11] The trench isolation method of the semiconductor device according to claim 10 
characterized by giving further the plasma treatment process over the aforementioned high- 
temperature-oxidation film after the process which forms the aforementioned high-temperature- 
oxidation film. 

[Claim 12] The trench isolation method of the semiconductor device according to claim 1 
characterized by giving further the heat treatment process for strengthening the membraneous 
property of the aforementioned insulator layer for isolation after carrying out the deposit of the 
insulator layer for isolation of the 5th process of the above. 

[Claim 13] It is the trench isolation method of the semiconductor device according to claim 1 
characterized by performing removal of the aforementioned mask pattern by the wet etching 
method for having used H3P04. 

[Claim 14] The trench isolation method of the semiconductor device according to claim 6 

characterized by providing further the process which forms a thermal oxidation film in the 

interior of a trench after forming the trench of the 2nd process of the above. 

[Claim 15] The oxide film in which the deposit was carried out by the aforementioned chemistry 

gaseous-phase vacuum deposition is the trench isolation method of the semiconductor device 

according to claim 6 characterized by being in within the limits this thickness of whose is 10- 

300A. 

[Claim 16] The aforementioned silicon film is the trench isolation method of the semiconductor 
device according to claim 7 characterized by being in within the limits this thickness of whose is 
10-200A. 

[Claim 17] The aforementioned oxidization is the trench isolation method of the semiconductor 
device according to claim 7 characterized by using thermal oxidation. 
[Claim 18] The trench isolation method of the semiconductor device according to claim 8 
characterized by providing further the process which forms the internal oxidation film by thermal 
oxidation in the interior of a trench after forming the trench of the 2nd process of the above. 
[Claim 19] The nitride formed in the 1st in the aforementioned compound liner layer is the 
trench isolation method of the semiconductor device according to claim 8 characterized by being 
in within the limits this thickness of whose is 10-50A. 

[Claim 20] The trench isolation method of a semiconductor device characterized by providing the 
following. The 1st process which forms the mask pattern for trench etching on a semiconductor 
substrate. The 2nd process which forms a trench in the aforementioned semiconductor 
substrate using the aforementioned mask pattern for trench etching. The 3rd process which 
forms a thermal oxidation film in the interior of the aforementioned trench. So that a thin film 
may be formed in the side attachment wall of the aforementioned mask pattern for trench 
etching at least The 4th process which carries out the deposit of the oxide film for hollow 
prevention by the chemistry gaseous-phase vacuum deposition all over the aforementioned 
semiconductor substrate. The 5th process which carries out the deposit of the nitride for liners 
on the aforementioned oxide film for hollow prevention, The front face of the aforementioned 
semiconductor substrate so that the 6th process which carries out the deposit of the insulator 
layer for wrap isolation, and the aforementioned mask pattern for trench etching may be exposed 
at the same time it embeds the aforementioned trench The 7th process which removes a part of 
insulator layer for isolation which carried out [ aforementioned ] exposure, and the octavus 
process which removes the aforementioned mask pattern for trench etching. 
[Claim 21] The oxide film for hollow prevention of the 4th process of the above is the trench 
isolation method of the semiconductor device according to claim 20 characterized by being in 
within the limits this thickness of whose is 10-300A. 

[Claim 22] The nitride for liners of the 5th process of the above is the trench isolation method of 
the semiconductor device according to claim 20 characterized by being in within the limits this 
thickness of whose is 20-300A. 



[Claim 23] The trench isolation method of a semiconductor device characterized by providing the 
following. The 1st process which forms the mask pattern for trench etching on a semiconductor 
substrate. The 2nd process which forms a trench in a semiconductor substrate using the 
aforementioned mask pattern for trench etching. The 3rd process which carries out the deposit 
of the silicon film all over the semiconductor substrate in which the aforementioned trench was 
formed. The 4th process which is made to oxidize the aforementioned silicon film thermally, 
becomes depressed the front face of the aforementioned mask pattern for trench etching, and 
inside a trench, and forms the oxide film for prevention. The 5th process which forms the nitride 
for liners on the aforementioned oxide film for hollow prevention, The whole surface of a 
semiconductor substrate so that the 6th process which carries out the deposit of the insulator 
layer for wrap isolation, and the aforementioned mask pattern for trench etching may be exposed 
at the same time it embeds the aforementioned trench The 7th process which removes a part of 
insulator layer for isolation which carried out [ aforementioned ] exposure, and the octavus 
process which removes the aforementioned mask pattern for trench etching. 
[Claim 24] The silicon film of the 3rd process of the above is the trench isolation method of the 
semiconductor device according to claim 23 characterized by being in within the limits this 
thickness of whose is 10-200A. 

[Claim 25] It is the trench isolation method of the semiconductor device according to claim 23 
characterized by performing thermal oxidation of the 4th process of the above so that it may 
change to an oxide film completely, without the silicon by which the deposit was carried out 
remaining. 

[Claim 26] The nitride for liners of the 5th process of the above is the trench isolation method of 
the semiconductor device according to claim 23 characterized by being in within the limits this 
thickness of whose is 20-300A. 

[Claim 27] The trench isolation method of a semiconductor device characterized by providing th 
following. The 1st process which forms the mask pattern for trench etching on a semiconductor 
substrate. The 2nd process which forms a trench in the aforementioned semiconductor 
substrate using the aforementioned mask pattern for trench etching. The 3rd process which 
uses thermal oxidation for the aforementioned result lifter, and forms a trench internal oxidation 
film in it The 4th process which forms the compound liner layer of the structure where became 
depressed with the nitride for liners along with the surface level difference, and the oxide film for 
prevention was alternately formed once [ at least ] or more on the semiconductor substrate in 
which the aforementioned trench internal oxidation film was formed, The 5th process which 
forms the last nitride for liners along with a surface level difference all over the semiconductor 
substrate in which the aforementioned compound liner layer was formed, So that the 6th process 
which forms the insulator layer for wrap isolation, and the aforementioned mask pattern for 
trench etching may expose the whole surface of a semiconductor substrate at the same time it 
embeds the aforementioned trench on the aforementioned last nitride for liners The 7th process 
which removes a part of aforementioned insulator layer for isolation, and the octavus process 
which removes the aforementioned mask pattern for trench etching. 

[Claim 28] The nitride formed in the 1st in the compound liner layer of the 4th process of the 
above is the trench isolation method of the semiconductor device according to claim 27 
characterized by being in within the limits this thickness of whose is 10-50A. 
LCIaim 29] The trench isolation method of the semiconductor device according to claim 27 
characterized by giving further the process which forms the high-temperature-oxidation film for 
suppressing the injury from the outside after the 5th process of the above while maintaining the 
thickness of the nitride of a compound liner layer. 

[Claim 30] The trench isolation method of a semiconductor device characterized by providing the 
following. The 1st process which forms the mask pattern for trench etching on a semiconductor 
substrate. The 2nd process which forms a trench in the aforementioned semiconductor 
substrate using the aforementioned mask pattern for trench etching. The 3rd process which 
uses thermal oxidation for the aforementioned result lifter, and forms a trench internal oxidation 
film in it. The 4th process which forms the compound liner layer of the structure where became 
depressed along with the surface level difference, and the prevention film and the nitride for 



liners were alternately formed once [ at least ] or more on the semiconductor substrate in which 
the aforementioned trench internal oxidation film was formed. The 6th process which removes a 
part of aforementioned insulator layer for isolation so that the 5th process which forms the 
insulator layer for wrap isolation, and the aforementioned mask pattern may expose the whole 
surface of a semiconductor substrate while embedding the aforementioned trench on the 
aforementioned compound liner layer, and the 7th process which removes the aforementioned 
mask pattern. , 

[Claim 31] The nitride formed in the 1st in the compound liner layer of the 4th process of the 
above is the trench isolation method of the semiconductor device according to claim 30 
characterized by being in within the limits this thickness of whose is 10-50A. 
[Claim 32] The trench isolation method of the semiconductor device according to claim 30 
characterized by giving further the process which forms the high-temperature-oxidation film for 
suppressing the injury from the outside after the 4th process of the above while maintaining the 
thickness of the nitride of a compound liner layer. 

[Claim 33] The semiconductor device characterized by providing the semiconductor substrate in 
which the trench was formed on the front face, the compound liner layer for hollow prevention 
containing the oxide film and nitride of ever/ at least one or more sheets by which the deposit 
was carried out along with the surface level difference of this semiconductor substrate, and the 
insulator layer for trench isolation that embeds the interior of a trench for this compound liner 
layer simultaneously with a wrap. 

[Claim 34] The semiconductor device according to claim 33 characterized by providing further 
the oxide film for injury prevention of the aforementioned nitride for compound liners, and 
preservation of thickness between the aforementioned compound liner layer and the 
aforementioned insulator layer for isolation. 

[Claim 35] The aforementioned oxide film is a semiconductor device according to claim 34 
characterized by being a high-temperature-oxidation film. 

[Claim 36] The semiconductor device according to claim 33 characterized by providing further 
the trench internal oxidation film formed in the wall of the aforementioned trench. 
[Claim 37] The aforementioned compound liner layer is a semiconductor device according to 
claim 33 characterized by the 1st nitride, the 1st oxide film, and the 2nd nitride being bipolar 
membranes by which the laminating was carried out one by one. 

[Claim 38] The 1st nitride of the above is a semiconductor device according to claim 37 
characterized by being in within the limits this thickness of whose is 10-50A. 
[Claim 39] The aforementioned compound liner layer is a semiconductor device according to 
claim 37 characterized by providing further the another oxide film and another nitride of at least 
one or more sheets on the 2nd nitride of the above. 

[Claim 40] The aforementioned compound liner layer is a semiconductor device according to 
claim 33 characterized by the 1st oxide film and the 1st nitride being bipolar membranes by 
which the laminating was carried out one by one. 

[Claim 41] The aforementioned compound liner layer is a semiconductor device according to 
claim 40 characterized by being the bipolar membrane by which the another oxide film and 
another nitride of at least one or more sheets are further formed on the 1st nitride of the above. 

[Claim 42] The 1st nitride for liners of the above is a semiconductor device according to claim 
40 characterized by being in within the limits this thickness of whose is 10-50A. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the manufacture method 
of a semiconductor device, and, specifically, relates to the trench isolation method of a 
semiconductor device. Furthermore, this invention relates to the semiconductor device which 
used the aforementioned trench isolation method. 
[0002] 

[Description of the Prior Art] The isolation process (isolation process) which is one of the 
detailed-ized technology in accordance with high integration of a semiconductor device is an 
initial processing process of a semiconductor device, and influences the size and process margin 
of an active region in a consecutiveness process. The usual element It is here and is a trench 
element Consequently, this technology is mainly used for the isolation process of the 
semiconductor device integrated highly recently. 

[0003] This trench element However, this trench element Although the membraneous degree of 
dense-izing, a membraneous oxidization process which follows which embeds being based on 
**** materials, being based on ion implantation, and a trench as main factors of generating of a 
pit are mentioned variously, the oxidization process after trench isolation is the greatest factor 
especially, the volume expansion of silicon whose oxidization process after a trench isolation 
process will be oxidized, and will start the silicon of the semiconductor substrate which existed 
in the wall of a trench during this oxidization if it states concretely — the side attachment wall 
of a trench — it acts as a physical or thermal stress, consequently a pit occurs 
[0004] In recent years, the technology by the volume expansion which starts during oxidization 
which carries out the deposit of physical or the liner layer which forms a thermal oxidation film in 
the wall of a trench after trench etching, and consists of a nitride (SiN) on it in order to stop 
thermal stress is developed. In a trench isolation process, drawing 1 is a graph for explaining 
change of the electrical property of the semiconductor device at the time of suppressing 
generating of a pit using a liner layer, when a pit occurs. When this is referred to, as for a vertical 
axis, a horizontal axis expresses the drain OFF state current property according the degree of 
distribution of a sample to this, respectively. Here, measurement of the drain OFF state current 
is performed by impressing the voltage of 3.3V only to a drain, after changing the gate and the 
source, and a silicon substrate into a ground state. The line connected by 0 is the drain OFF 
state current at the time of forming the liner layer which consists of a nitride among drawing, 
and the line connected by ** is the drain OFF state current at the time of performing a trench 
isolation process, without forming a liner layer. Although it turns out that the drain OFF state 
current has the more low case where the liner layer which consists of a nitride is made to form 
so that clearly from drawing, this is because thermal stress was effectively stopped after the 
isolation process by the nitride liner. Thus, the technology of forming the liner layer which 
consists of a nitride and performing trench isolation is indicated by the U.S. Pat No. 5447884 
official report by IBM (5 Shallow Trench Isolation with thin nitride liner, Sep. 1995). 
[0005] Drawing 2 or drawing 4 is a cross section for explaining the trench isolation process using 
the liner layer by the aforementioned Prior art On the semiconductor substrate 51, if drawing 2 



is referred to, after forming the mask pattern 55 which consists of a pad oxide film 53 and a 
nitride (SIN), the aforementioned mask pattern 55 will be used, it will ********** in a part of 
semiconductor substrate 51, and a trench will be formed. Subsequently, a thermal oxidation 
process is given and physical or the liner lay r 57 which consists of a nitride in order to stop 
thermal str ss generated when the trench internal oxidation film 56 is formed and oxidization 
starts it in the oxidization process which follows is formed. After that, the deposit of the oxide 
film 59 by CVD is thickly carried out to the grade which can be wearing the front face of a 
semiconductor substrate enough. Then, CMP is given using the aforementioned mask pattern 55 
as a polish blocking layer, and flattening of the whole surface of a semiconductor substrate is 
carried out. If drawing 3 is referred to, isotropic wet etching which used the phosphoric acid 
(H3P04) will be given all over the semiconductor substrate which finished the aforementioned 
flattening, and the nitride (SiN) used as a mask pattern will be removed completely. If slight over 
etching is performed that it should prevent that the nitride used as a mask pattern remains all 
over a semiconductor substrate at this time, the liner layer 57 which consists of a nitride will 
also **********^ and a part will be removed. This problem is still generated, when anisotropic 
etching is performed. A trench isolation process is completed by giving an etchback process to 
an object, as a result of giving the aforementioned wet etching, when drawing 4 was referred to, 
removing the pad oxide film which existed on the semiconductor substrate 41, and oxide-film 59' 
by CVD, and carrying out flattening of the semiconductor substrate. 
[0006] 

[Problem(s) to be Solved by the Invention] However, the hollow portion (equivalent to A of 
drawing 4 ) of liner layer 57* which **********ed simultaneously during removal of the mask 
pattern 55 which consists of the aforementioned nitride still remains, after giving a trench 
isolation process. Thus, while the phenomenon in which the interface of an active region and an 
isolation film becomes depressed reduces the refreshment property of memory devices, such as 
a dynamic RAM (DRAM:Dynamic Random Access Memory), when **********ing the gate 
electrode which consists of contest polysilicon at a consecutiveness process, contest polysilicon 
which is conductive material remains in a hollow, consequently the defect of a gate bridge etc. 
produces it And the electric characteristic curve of the completed, transistor brings a result 
which makes the so-called hump (hump) phenomenon in which it does not appear in alignment, 
and the in berth narrow WIDOSU effect (Inverse Narrow Width Effect) phenomenon of becoming 
the cause of a threshold voltage fall aggravate. 

[0007] this invention is made in view of the above-mentioned situation, and the purpose is in 
physical or offering the trench isolation method of the semiconductor device which can suppress 
hollow generating in a trench isolation process by becoming depressed so that a hollow may not 
occur, and forming a prevention film further, using the liner layer for stopping thermal stress. 
Other purposes of this invention. are to offer the semiconductor device which used the 
aforementioned trench isolation method. 
[0008] 

[Means for Solving the Problem] The trench isolation method of the semiconductor device 
concerning this invention forms the mask pattern for trench etching on a semiconductor 
substrate, and forms a trench in a semiconductor substrate in this mask pattern for trench 
etching. Then, a hollow prevention film is formed all over the aforementioned semiconductor 
substrate, and the deposit of the liner layer is carried out on this hollow prevention film so that a 
thin film may be formed in the side attachment wall of the aforementioned mask pattern for 
trench etching at least. Continuously, a part of insulator layer for isolation which carried out 
[ aforementioned ] exposure of the front face of a semiconductor substrate so that the deposit 
of the insulator layer for wrap isolation might be carried out and the aforementioned mask 
pattern for trench etching might be exposed is removed at the same time it embeds the 
aforementioned trench. Finally, the aforementioned mask pattern for trench etching is removed. 
[0009] As for the aforementioned semiconductor substrate, according to the suitable gestalt, in 
this method, it is desirable that it is the semiconductor substrate in which the pad oxide film was 
formed. Moreover, you may form further the antireflection film which uses either among SiON, 
oxide films, and these bipolar membranes, and is formed in 150-1500A thickness on the 



aforementioned mask pattern. The aforementioned hollow prevention film is membraneous quality 
with the aforementioned liner layer and an etching selection ratio, and it is desirable that the 
oxide film in which the deposit was carried out by the chemistry gaseous-phase vacuum 
deposition, the oxide film which the deposit of the silicon film was carried out [ oxide film ] and 
made it oxidize thermally or a nitride, iand an oxide film constitute using the compound liner layer 
formed alternately once [ at least ] or more. Furthermore, as for the aforementioned liner layer, 
according to the suitable gestalt, it is desirable to form in 20-300A thickness using a nitride. 
Moreover, after forming the aforementioned liner layer, while maintaining the thickness of a liner 
layer, it is desirable to give further the process which forms the high-temperature-oxidation film 
(HTO) for suppressing the injury from the outside. Here, in order to make membraneous quality 
improve alternatively according to the membraneous property of an isolation film, you may give a 
plasma treatment process further. What is necessary is preferably, just to carry out further the 
heat treatment process for strengthening the membraneous property of the aforementioned 
insulator layer for isolation, after carrying out the deposit of the insulator layer for isolation. 
Moreover, what is necessary is for wet etching which used the phosphoric acid (H3P04) just to 
perform removal of the aforementioned mask pattern. When using the oxide film by CVD as the 
aforementioned hollow prevention film, after forming the aforementioned trench, a thermal 
oxidation film can be further formed in the interior of a trench. Here, as for the thickness of the 
oxide film by Above CVD, it is desirable that it is within the limits of 10-300A. When using the 
oxide film which made the silicon film oxidize thermally as the aforementioned hollow prevention 
film, it is desirable that it is in within the limits whose thickness of a silicon film is 10-200A. 
When a nitride and an oxide film use the compound liner layer formed alternately once [ at least ] 
or more as the aforementioned hollow prevention film, after forming the aforementioned trench, 
the internal oxidation film by thermal oxidation can be further formed in the interior of a trench. 
Moreover, as for the nitride formed in the 1st, in the aforementioned compound liner layer, it is 
desirable that it is in within the limits this thickness of whose is 10-50A. 
[0010] The trench isolation method of the semiconductor device by the 1st example of this 
invention The 1st process which forms the mask pattern for trench etching on a semiconductor 
substrate, The 2nd process which forms a trench in the aforementioned semiconductor 
substrate using the aforementioned mask pattern for trench etching. So that a thin film may be 
formed in the side attachment wall of the aforementioned mask pattern for trench etching at 
least with the 3rd process which forms a thermal oxidation film in the interior of the 
aforementioned trench The 4th process which carries out the deposit of the oxide film for hollow 
prevention by chemistry gaseous-phase vacuum evaporationo all over the aforementioned 
semiconductor substrate. The 5th process which carries out the deposit of the nitride for liners 
on the aforementioned oxide film for hollow prevention, The front face of the aforementioned 
semiconductor substrate so that the 6th process which carries out the deposit of the insulator 
layer for wrap isolation, and the aforementioned mask pattern for trench etching may be exposed 
at the same time it embeds the aforementioned trench completely It is characterized by 
providing the 7th process which removes a part of insulator layer for isolation which carried out 
[ aforementioned ] exposure, and the octavus process which removes the aforementioned mask 
pattern for trench etching. As for the oxide film for hollow prevention of the 4th process of the 
above, according to the suitable gestalt, in this 1st example, it is desirable that it is in within the 
limits this thickness of whose is 10-300A. Moreover, as for the nitride for liners of the 5th 
process of the above, it is desirable that it is in within the limits this thickness of whose is 20- 
300A. 

[0011] The trench separation method of the semiconductor device by the 2nd example of this 
invention The 1st process which forms the mask pattern for trench etching on a semiconductor 
substrate. The 2nd process which forms a trench in a semiconductor substrate using the 
aforementioned mask pattern for trench etching. The 3rd process which carries out the deposit 
of the silicon film all over the semiconductor substrate in which the aforementioned trench was 
formed, The 4th process which is made to oxidize the aforementioned silicon film thermally, 
becomes depressed the front face of the aforementioned mask pattern for trench etching, and 
inside a trench, and forms the oxide film for prevention. The 5th process which forms the nitride 



for liners on the aforementioned oxide film for hollow prevention, The whole surface of a 
semiconductor substrate so that the 6th process which carries out the deposit of the insulator 
layer for wrap isolation, and the aforementioned mask pattern for trench etching may be exposed 
at the same time it embeds the aforementioned trench It is characterized by providing the 7th 
process which removes a part of insulator layer for isolation which carried out 
[ aforementioned ] exposure, and the octaviis process which removes the aforementioned mask 
pattern for trench etching. As for the silicon film of the 3rd process of the above, according to 
the suitable gestalt. in this 2nd example, it is desirable that it is in within the limits this thickness 
of whose is 10-200A. Moreover, as for thermal oxidation of the 4th process of the above, it is 
desirable to carry out so that it may change to an oxide film completely, without the silicon by 
which the deposit was carried out remaining. Preferably, the nitride for liners of the 5th process 
of the above should just have this thickness in within the limits which is 20-300A. 
[0012] The trench separation method of the semiconductor device by the 3rd example of this 
invention The 1st process which forms the mask pattern for trench etching on a semiconductor 
substrate. The 2nd process which forms a trench in the aforementioned semiconductor 
substrate using the aforementioned mask pattern for trench etching, The 3rd process which 
uses thermal oxidation for the aforementioned result lifter, and forms a trench internal oxidation 
film. The 4th process which forms the compound liner layer of the structure where became 
depressed with the nitride for liners along with the surface level difference, and the oxide film for 
prevention was alternately formed once [ at least ] or more on the semiconductor substrate in 
which the aforementioned trench internal oxidation film was formed, The 5th process which 
forms the last nitride for liners along with a surface level difference all over the semiconductor 
substrate in which the aforementioned compound liner layer was formed, So that the 6th process 
which forms the insulator layer for wrap isolation, and the aforementioned mask pattern for 
trench etching may expose the whole surface of a semiconductor substrate at the same time it 
embeds the aforementioned trench on the aforementioned last nitride for liners It is 
characterized by providing the 7th process which removes a part of aforementioned insulator 
layer for isolation, and the octavus process which removes the aforementioned mask pattern for 
trench etching. As for the nitride formed in the 1st. in the compound liner layer of the 4th 
process of the above of this 3rd example, it is desirable that it is in within the limits this 
thickness of whose is 10-50A. Moreover, it is desirable to give further the process which forms 
the high-temperature-oxidation film for suppressing the injury from the outside after the 5th 
process of the above while maintaining the thickness of the nitride of a compound liner layer. 
[0013] The trench separation method of the semiconductor device by the 4th example of this 
invention The 1 st process which forms the mask pattern for trench etching on a semiconductor 
substrate. The 2nd process which forms a trench in the aforementioned semiconductor 
substrate using the aforementioned mask pattern for trench etching, The 3rd process which 
uses thermal oxidation for the aforementioned result lifter, and forms a trench internal oxidation 
film in it, The 4th process which forms the compound liner layer of the structure where became 
depressed along with the surface level difference, and the oxide film for prevention and the 
nitride for liners were alternately formed once [ at least ] or more on the aforementioned 
semiconductor substrate in which the aforementioned trench internal oxidation film was formed, 
So that the 5th process which forms the insulator layer for wrap isolation, and the 
aforementioned mask pattern may expose the whole surface of a semiconductor substrate at the 
same time it embeds the aforementioned trench on the aforementioned compound liner layer It 
is characterized by providing the 6th process which removes a part of aforementioned insulator 
layer for isolation, and the 7th process which removes the aforementioned mask pattern. As for 
the nitride formed in the 1st, in the compound liner layer of the 4th process of the above of this 
4th example, it is desirable that it is in within the limits this thickness of whose is 10-50A. 
Moreover, it is desirable to give further the process which forms the high-temperature-oxidation 
film for suppressing the injury from the outside after the 4th process of the above while 
maintaining the thickness of the nitride of a compound liner layer. 
[0014] The semiconductor device by this invention is characterized by providing the 
semiconductor substrate in which the trench was formed on the front face, the compound liner 



layer for hollow prevention containing the oxide film and nitride of every at least one or more 
sheets by which the deposit was carried out along with the surface level difference of this 
semiconductor substrate, and the insulator layer for trench isolation that embeds the interior of 
a trench for this compound liner layer with a wrap. According to the suitable gestalt in this 
semiconductor device, it is desirable to provide further the oxide film for injury prevention of the 
aforementioned nitride for compound liners and preservation of thickness between the 
aforementioned compound liner layer and the aforementioned insulator layer for isolation. A 
high-temperature-oxidation film can be used as this oxide film. Moreover, it is desirable to 
provide further the trench internal oxidation film formed along with the wall of the 
aforementioned trench. As for this internal oxidation film, it is desirable that it is a thermal 
oxidation film. Preferably, the aforementioned compound liner layer should just be the bipolar 
membrane to which the laminating of the 1st nitride, the 1st oxide film, and the 2nd nitride was 
carried out one by one. Moreover, as for the 1st nitride of the above, it is desirable that it is in 
within the limits this thickness of whose is 10-50A, Moreover, this compound liner layer may 
possess further the another oxide film and another nitride of at least one or more sheets on the 
2nd nitride of the above. Moreover, according to the suitable gestalt, the aforementioned 
compound liner layer can be constituted using the bipolar membrane of the structure where the 
laminating of the 1st oxide film and the 1st nitride was carried out one by one. In this case, the 
another oxide film and another nitride of at least one or more sheets can be further formed on 
the 1st nitride of the above. Preferably, the 1st nitride for liners of the above should just be 
within the limits this thickness of whose is 10-50A. 

[0015] According to this invention, in the trench isolation process of a semiconductor device, it 
becomes depressed by forming further the hollow prevention film which suppresses etching of 
the liner layer which consists of a nitride, and generating can be prevented. Consequently, it 
becomes possible to suppress the defect of the fall of a refreshment property, a gate bridge, etc. 
in memory devices, such as DRAM. In addition, the electrical property of a transistor is 
improvable. 
[0016] 

[Embodiments of the Invention] Hereafter, based on the appended drawing, the form of suitable 
operation of this invention is explained in detail. 

The example of an experiment: Etching ratio drawing 5 of the nitride for liners after [ which 
consists of an oxide film ] becoming depressed and forming a prevention film is the 
transmission-electron-microscope (Transmission Electron Microscope, following, transverse 
electromagnetic) photograph shown in order to explain the example of an experiment of this 
invention. If drawing 5 is referred to, the mask pattern 2 which consists of a nitride will be 
formed on the semiconductor substrate 1 in which the pad oxide film was formed, and a trench 
will be formed by **********ing a semiconductor substrate using this. Then, it oxidizes 
thermally and the trench internal oxidation film 3 is formed in 1 1 0A thickness. Subsequently, the 
1st nitride for liners (black layer between 3 and 4) is formed in 55A thickness. The 1st oxide film 
4 of 500A of thickness which consists of a CVD oxide film, for example, a high-temperature- 
oxidation film, continuously, the 2nd nitride for liners of 55A of thickness (black layer between 4 
and 5), The laminating of the 2nd oxide film 5 of 500A of thickness which consists of HTO, the 
3rd nitride for liners of 100A of thickness (black layer between 5 and 6), the 3rd oxide film 6 of 
500A of thickness which consists of HTO, and the 4th nitride for liners of 200A of thickness 
(black layer between 6 and 7) is carried out one by one. Subsequently, after carrying out the 
deposit of USG (Undoped SilicateGlass)7 in 1000A thickness, the deposit of the 5th nitride for 
liners (black layer between 7 and 8) is again carried out. in 55A thickness. Then, the laminating of 
the isolation film 8 which carried out the deposit of the USG film and PE-TEOS film which are 
used as an insulator layer for isolation embedding a trench is carried out. Continuously, chemical 
machinery-polish (CMP) is given using a mask pattern 2 as a polish blocking layer, and flattening 
of the whole surface of a semiconductor substrate is carried out Next, wet etching using the 
phosphoric-acid solution is given, and a part of nitride exposed to the front face of a 
semiconductor substrate is removed. Drawing 5 is the transverse-electromagnetic photograph 
after finishing the above-mentioned process. 



[0017] At this time, the thickness of the mask pattern 2 which consists of a nitride is 2000A 
after CMP. And the mask pattern 2 gave wet etching using the phosphoric-acid solution so that 
it might ********** to about 1700A. Then, while being formed among the oxide films 4, 5, 6, and 
7 of fixed thickness, th degree to which etching progressed to the 2nd, the 3rd, and 4th nitrides 
whose thickness is each was observed. In the case of the 2nd nitride for liners (black film 
between 4 and 5) in which thickness was formed in 55 A In the case of the 3rd nitride for liners in 
which 500A (A portion in drawing) **********ed while the mask pattern 2 **********ed to 
about 1700A, and thickness was formed in 100A 1200A (B portion in drawing) **********ed, 
and, in the case of the 4th nitridie for liners in which thickness was finally formed in 200A, the 
etching degree of a mask pattern 2 **********ed in 1600A (C portion in drawing) of analogous. 
That is, in forming the thickness of the nitride for liners in about 300A or less and inserting this 
between oxide films from the above thing, on the occasion of etching, it turns out that the rate 
of etching falls from a mask pattern 2. Since this has the narrow surface area of the nitride for 
liners exposed to a phosphoric-acid solution, when forming the thickness of the nitride for liners 
thickly, the direction in the case of forming more thinly is considered that the rate of etching 
falls on the occasion of isotropic etching. I hear that the hollow phenomenon in which it 
**********$ by the nitride for liners doubling is suppressed, and there is a conclusion obtained 
from the aforementioned experiment, when removing the mask pattern 2 which follows if a nitride 
is formed in thin thickness about 300A or less, after forming an oxide film so that the trench 
internal oxidation film 3 may be formed and a thin film may be formed in the side attachment wall 
of a mask pattern 2 further at least In that case, one sheet may be used for the nitride for 
liners, or two or more sheets may be used for it. This can be judged from the transverse- 
electromagnetic photograph of drawing 5 . 

[0018] The operation [ 1st ] gestalt: When using the oxide film by CVD as a hollow prevention 
film, drawing 6 or drawing 10 is a cross section for explaining the trench isolation method using 
the hollow prevention film by the 1st operation gestalt of this invention. Reference of drawing 6 
carries out the deposit of the nitride (SiN) used as a mask pattern 104 of the photolithography 
process for limiting an isolation field to the semiconductor substrate 100 in which the pad oxide 
film 102 of 100-500A thickness was formed in about 500-3000A thickness by the low voltage 
chemistry gaseous-phase vacuum evaporationo (LPCVD) method. Here, a pad oxide film can be 
formed by thermal oxidation under 900-degree C temperature conditions. Moreover, you may 
skip the formation process of this pad oxide film. Furthermore, the deposit of the antireflection 
film (ARC) formed from either among oxide films, such as HTO, SiON(s), and these bipolar 
membranes on the matter layer used as the aforementioned mask pattern may be carried out in 
150-1500A thickness, and the detailed pattern used for the semiconductor device integrated 
further highly may be formed using this. 

[0019] If drawing 7 is referred to, patterning of the matter layer used as the aforementioned 
mask pattern will be carried out at a photolithography process, it will ********** in a part of 
semiconductor substrate 100 by using as a mask the mask pattern 104 obtained by that cause, 
and a trench 106 will be formed. Then, an oxidization process, for example, thermal oxidation, is 
given, and the trench internal oxidation film 108 is formed in the wall of a trench 106. Here, even 
if it skips the formation process of a trench internal oxidation film, it is not cared about 
[0020] In addition, the method of **********ing the aforementioned trench 106 may form a 
trench 106 by **********ing the ground film containing the semiconductor substrate 100, using 
the photoresist pattern (not shown) constituted from a photograph process by the best layer as 
an etching mask. Or after it **********s even the pad oxide film 102 once using a photoresist 
pattern and an etching process removes a photoresist pattern, you may form a trench 1 06 by 
**********ing a ground film, using the antireflection film (not shown [ ARC and ]) formed further 
as an etching mask. Furthermore, when not forming an antireflection film in the upper part, you 
may form a trench 106 by **********ing a ground film, using a mask pattern 104 as an etching 
mask. Namely, various deformation is possible for the method of **********ing a trench. 
[0021] When drawing 8 was referred to, as a result of forming the aforementioned trench internal 
oxidation film 108, it consists of a nitride which is the liner layer formed in an object at a 
consecutiveness process, and a membraneous CVD oxide film with an etching selection ratio, 



and it becomes depressed, and the deposit of the prevention film 110 is carried out in 10-300A 
thickness. Subsequently, the liner layer 112 for stopping thermal stress is formed in 20-300A 
thickness using a nitride (SiN). The deposit of this liner layer 112 can be carried out by the low 
voltage chemistry gaseous-phase vacuum evaporationo (LPCVD) method. Then, by carrying out 
the deposit of the high-temperature-oxidation film (not shown [ HTO and ]) formed at the 
elevated temperature of 700 to 900 degrees C in about 100A thickness, and performing ammonia 
plasma treatment to this high-temperature-oxidation film (HTO) further, at a consecutiveness 
process, the thickness of the aforementioned liner layer 112 becomes thin, or prevents being 
damaged. You may omit plasma treatment, when replacing with a high-^emperature-oxidation film 
and carrying out the deposit of the HDP oxide film at this time. 
[0022] Here, you may omit the plasma treatment to the formation process of a high- 
temperature-oxidation film (HTO), and this high-temperature-oxidation film. The deposit of the 
insulator layer 1 14 for isolation which has the thickness of the grade which can be wearing the 
front face of a semiconductor substrate enough in an object as a result of forming the 
aforementioned high^emperature-oxidation film is carried out This insulator layer 114 for 
isolation can be formed from USG, TEOS, a HDP oxide film, the GVD oxide films of a mono- 
silane (SiH4) machine, and these bipolar membranes. After carrying out the deposit of this 
insulator layer 114 for isolation, the heat treatment process for membraneous dense-izing is 
given. As for this heat treatment process, it is desirable to give under temperature conditions 
(800 degrees C or 1 1 50 degrees 0). According to this heat treatment process, the rate of 
etching of the film of the whole to the etching solution of fluoric acid (HF) and a phosphoric-acid 
(H3P04) machine falls. Then, a chemical machinery-polish (CMP) process is given so that the 
aforementioned mask pattern 104 may be exposed, and some of aforementioned insulator layers 
1 14 for isolation, liner layers 112, and hollow prevention films 110 are removed. 
[0023] At this time, it is important for the hollow prevention film 1 10 to remain so that it may be 
formed in the side attachment wall of a mask pattern 104 at least This is because the liner layer 
112 which is a wet etching process for removing the mask pattern 104 which follows, and 
consists of a nitride carries out the role which narrows area exposed to the phosphoric-acid 
solution which is an etching reagent Like the existing technology, at the process which forms an 
oxide film in a trench wall by thermal oxidation, although the oxide film was formed in the trench 
wall, an oxide film was not formed in the side attachment wall of the nitride of a mask pattern 
104. When the surface area which the liner layer 112 exposes to a phosphoric-acid solution at 
the wet etching process for this removing the mask pattern 104 which follows spread and over 
etching was given, the semiconductor substrate turned caudad, and the part **********ed, 
consequently the hollow also generated the nitride of the liner layer 112. However, this can be 
stopped like this invention by [ which become the side attachment wall of a mask pattern 104 
from the oxide film by GVD ] becoming depressed and forming a prevention film. 
[0024] Reference of drawing 9 gives wet etching for removing the mask pattern 104 which 
becomes the semiconductor substrate to which Above CMP was given from a nitride. This wet 
etching can be performed using a phosphoric-acid solution. Usually, over etching is performed 
that it should prevent that a nitride remains on the pad oxide film 102. Although, etching was 
explained focusing on the isotropic etching given by wet etching, it may be anisotropic etching 
which it is not restricted to this and given by dry etching. Although the hollow phenomenon in 
which the semiconductor substrate 100 turns caudad and the liner layer 112 **********s at 
this time is prevented (B portion in drawing), the surface area exposed to a phosphoric-acid 
solution is because narrowing, consequently the rate of etching fall by [ which the liner layer 112 
which this becomes from a nitride becomes from a GVD oxide film ] becoming depressed and 
being inserted between the prevention film 110, a high-temperature-oxidation film (HTO), or the 
insulator layer 1 14 for isolation. This is already described through the example of an experiment 
of aforementioned drawing 5 . 

[0025] When drawing 10 was referred to, as a result of removing the aforementioned mask 
pattern 104, to an oxide film, the rate of etching is high in an object, and when the rate of 
etching gives wet etching using a low etching reagent and carries out etchback of the front face 
of the semiconductor substrate 100 to the silicon layer and nitride which constitute the 



semiconductor substrate 100, the trench isolation process by the 1st op ration gestalt of this 
invention is completed in it. At the aforementioned wet etching process, a part of pad oxide film 
102 which remains on the semiconductor substrate 100, hollow prevention film 110. and insulator 
layer 114 for isolation are removed completely, and it carries put flattening. Furthermore, after a 
final trench isolation process is completed, generating of the hollow generated in the interface of 
the insulator layer 1 14 for isolation and an active region can be prevented (C of drawing 10 ). 
[0026] The operation [ 2nd ] gestalt: If easy, in order to omit the explanation which overlaps 
about the same portion as the aforementioned 1st operation gestalt in the operation gestalt 
which is the following and describes a silicon film as a hollow prevention film when using a 
deposit and the oxidized oxide film and to close an understanding, it has given so that a 
reference mark may be mutually corresponded with the aforementioned 1st operation gestalt. 
Drawing 1 1 or drawing 1 7 is the cross section shown in order to explain the trench isolation 
method using the hollow prevention film by the 2nd operation gestalt of this invention. If drawing 
11 is referred to, a mask pattern 204 will be formed in a nitride on the semiconductor substrate 
200 in which the pad oxide film 202 was formed, and a trench 206 will be formed by 
**********ing in a part of semiconductor substrate 200 using the mask pattern 204. An 
antireflection film can be used at this time as well as the 1st operation gestalt, and the etching 
method of a trench can also be made to transform into it Subsequently, in order to form the 
nitride which constitutes a liner layer in the aforementioned result object, and an oxide film with 
an etching selection ratio, the deposit of the silicon film 208 is carried out in 10-200A thickness. 
As a silicon film, although an amorphous silicon film may be used, contest polysilicon is used 
here. Using LPCVD equipment, chamber temperature is set into 500-700 degrees C, and they 
set a chamber pressure to 13.3-79.8Pa (abbreviation 0.1 - 0.6Torr), and the process conditions 
which use contest polysilicon as the silicon film 208, and carry out a deposit can form it, while 
only the amount of 500 cc/min supplies mono-silane (SiH4) gas. Using LPCVD equipment, 
chamber temperature is set into 400-700 degrees C, and it sets a chamber pressure to 13,3- 
79.8Pa (abbreviation 0.1 - 0.6Torr), and the silicon film formation method of further others using 
contest polysilicon can form it, while only the amount of 50SCCM(s) supplies Si2H6 gas. 
[0027] When drawing 12 was referred to, as a result of carrying out the vacuum evaporationo of 
the aforementioned silicon film 208, an oxidization process, for example, a thermal oxidation 
process, is given to an object, and the aforementioned silicon film 208 is changed into the hollow 
prevention film 210 of the oxide film by thermal oxidation. Here, a fatal defect may be brought to 
the electrical property of a transistor when the silicon film 208 which consists of contest 
polysilicon remains without oxidizing completely. It is desirable to adjust thermal oxidation time 
so that the silicon film 208 by which the deposit was carried out may oxidize completely that this 
should be prevented. As for the process conditions of the aforementioned thermal oxidation, it is 
desirable to oxidize, while the temperature of the chamber of an atmospheric pressure state is 
adjusted at 800-1000 degrees C and only the amount of 0.05 - 0.2 l/min supplies 5-15 l/min 
and hydrogen chloride (HCI) gas for oxygen gas (02). 

[0028] With the existing technology, since the silicon film 208 was not formed but the thermal 
oxidation film was formed only in the wall of a trench, on the side attachment wall of a mask 
pattern 204 which consists of a nitride, it became depressed, and the prevention film 210, i.e., an 
oxide film, was not formed. However, when carrying out the deposit of the polysilicon contest 
film previously and performing the post heating oxidization like this operation gestalt, the thermal 
oxidation film which becomes depressed also on the side attachment wall of a mask pattern 204 
which consists of a nitride like the 1st operation gestalt, and makes the role of the prevention 
film 210 it is formed. Therefore, in the wet etching process using the phosphoric-acid solution 
which follows, the nitride for liners can minimize the surface area exposed to a phosphoric-acid 
solution, and can reduce the rate of etching of a liner layer (21 2 of drawing 1 6 ). 
[0029] When drawing 13 was referred to, as a result of becoming depressed according to the 
aforementioned thermal oxidation process and forming the prevention film 210, the deposit of the 
liner layer 212 which makes a nitride (SiN) the quality of the material in 20-300A thickness by 
the low voltage chemistry gaseous-phase vacuum evaporationo (LPCVD) method is carried out 
to an object. 



[0030] If drawing 1 4 is referred to, the laminating of an oxide film (HTO) (not shown), for 
example, the high-lemperature-oxidation film, is carried out to the aforementioned result object 
in about 100A thickness, ammonia plasma treatment is performed, and the liner layer 212 will 
become thin at a consecutiveness process, or will prevent being damaged. Subsequently, the 
deposit of the insulator layer 214 for isolation is carried out so that the front face of a 
semiconductor substrate can be enough worn in the aforementioned result object, and the heat 
treatment process for attaining membraneous dense-ization is given, 

[0031] Reference of drawing 1 5 removes and carries out flattening of some of aforementioned 
insulator layers 214 for isolation, liner layers 212. and hollow prevention films 210 by giving a 
CMP process, using the aforementioned mask pattern 204 as a polish blocking layer. 
[0032] Reference of drawing 16 gives wet etching for removing a mask pattern 204 to the 
semiconductor substrate which finished the aforementioned flattening. It is desirable to use a 
phosphoric-acid solution as a wet etching reagent at this time, and in order to suppress that the 
mask pattern which becomes the front face of a semiconductor substrate from a nitride remains, 
over etching is given enough. Although the mask pattern 204 which consists of a nitride in 
process in which this over etching is given is removed completely, the liner layer 212 which 
consists of a nitride does not ********** because of the difference in the rate of etching (refer 
to the example of an experiment of drawing 5 ) so that the semiconductor substrate 200 may 
become depressed caudad (B' portion of a drawing). 

[0033] The following table 1 shown as reference is a rate of etching of the insulator layer 214 for 
isolation which consists of the mask pattern 204 and the liner layer 212 which consist of a 
nitride when using a phosphoric acid and LAL200 as a wet etching reagent, and a thermal 
oxidation film and which becomes depressed and consists of a prevention film 210 and USG, and 
a unit is **/min. At this time, the thickness of the nitride which is a liner layer was 70A, 
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Here, LAL200 is an etching reagent used for removing the hollow prevention film 210, the 
insulator layer 214 for isolation, and the pad oxide film 202 which are an oxide film which remains 
on the front face of the aforementioned semiconductor substrate by wet etching. The rate of 
etching of LAL200 is about 200A on the basis of a thermal oxidation film. 
[0034] Drawing 1 7 is a cross section when completing the trench isolation process by the 2nd 
operation gestalt of this invention by removing the oxide film which remains on the front face of 
the aforementioned semiconductor substrate 200 by wet etching. Although the hollow occurred 
at the wet etching process of having used the phosphoric acid, conventionally, since the rate of 
etching of the liner layer 212 which it becomes depressed and the prevention film 210 becomes 
from a nitride which was made to oxidize silicon thermally and was formed is dropped on this 
invention, it turns out that a hollow does not occur (C). 

[0035] When a nitride and an oxide film use the bipolar membrane formed alternately once or 
more as a hollow prevention film, The 3rd operation gestalt : this operation gestalt Complement 
the property which is easy to collapse at the oxidization process which this nitride for liners 
follows when the nitride for liners is too thin, and on the other hand, when too thick It is thought 
out in order to complement with the interface of the insulator layer for isolation, and an active 
region the problem which a hollow generates, after giving a trench isolation process. That is, an 
oxide film is put between the thin nitrides for liners, and the hollow prevention film of the 
structure where the nitride and the oxide film were formed alternately once or more is 
constituted. Therefore, while preventing that it is easy to collapse at the oxidization process 
which each nitride for liners follows, the rate of etching of the nitride for liners can be dropped, 
and it can suppress that a hollow occurs in the nitride for liners by this at the time of etching of 
the nitride used as a mask pattern. 



[0036] Drawing 18 or drawing 21 is a cross section for explaining the semiconductor device using 
the trench isolation method and this using the hollow prevention film by the 3rd operation gestalt 
of this invention. If drawing 18 is referred to, like the method of the aforementioned 1st 
operation gestalt the pad oxide film 302. a mask pattern 304. and a trench 306 will be formed in 
the semiconductor substrate 300. and, subsequently to the wall of a trench, the trench internal 
oxidation film 308 will be formed in about 100A thickness. The d formation which becomes 
various at this process as well as the 1st operation gestalt is possible, 

[0037] The compound liner layer 318 which becomes depressed in an object with the nitride for 
liners and by which the laminating of the oxide film for prevention was alternately carried out 
once [ at least ] or more to it as a result of forming the aforementioned trench internal oxidation 
film 308, when drawing 19 was referred to is formed by the LPCVD method. It is required in 
order to suppress generating of a hollow explained by drawing 5 , when forming the thickness of 
the 1st nitride 310 for liners by which a deposit is carried out to the 1st in 10-50A thickness at 
this time removes the mask pattern which follows by wet etching. With this operation gestalt, the 
thickness of the 1st nitride 310 of the above, the 1st oxide film 312, the 2nd nitride 314, and the 
2nd oxide film 316 is formed by 30A thickness, respectively. Subsequently, the deposit of the 
last nitride 320 for liners is carried out in about 30A thickness, it forms in fixed thickness further, 
the oxide film 322, for example, the high-temperature-oxidation film. (HTO) for preservation of 
the thickness of the nitride 310,314,320 for liners, and injury suppression, plasma treatment is 
performed, and the membraneous quality of a high-temperature-oxidation film (HTO) is improved. 
Here, you may skip the formation process of a high-temperature-oxidation film. Then, the 
deposit of the insulator layer 324 for isolation is carried out so that the front face of a 
semiconductor substrate can be worn enough. Subsequently, the heat treatment process for 
dense-izing of the aforementioned insulator layer 324 for isolation is given. 
[0038] Here, with this operation gestalt, a nitride and an oxide film become depressed and use 
the compound liner layer 318 which formed the membrane structure which carries out 
alternation one by one 2 times as a prevention film. Thus, although it becomes depressed, so 
that it increases, and the function of the prevention effect and a liner increases, since the 
number of times which carries out alternation serves as cost quantity, stopping in an effective 
stage is good [ the number of times ]. 

[0039] If drawing 20 is referred to, by giving CMP. using the aforementioned mask pattern 304 as 
a polish blocking layer, a part of the insulator layer 324 for isolation. last nitride 320, high- 
temperature-oxidation film 322, and compound liner layer 318 will be removed, and flattening of 
the front face of a semiconductor substrate will be carried out. 

[0040] Reference of drawing 21 removes the mask pattern 304 which gives wet etching which 
used the phosphoric acid to the semiconductor substrate which finished the aforementioned 
flattening, and becomes it from a nitride. At this time, the 1st nitride 310, the 2nd nitride 314, 
and the last nitride 320 which are the aforementioned compound liner layer 318 become 
depressed, and it is inserted between the 1st oxide film 312 for prevention, the 2nd oxide film 
316, and the high— temperature-oxidation film 322, and is effective in the rate of etching of the 
thin liner layer stated by aforementioned drawing 5 falling by this. As [ ********** / the 
semiconductor substrate 300 turns caudad and / even if it is the case where over etching is 
performed / therefore, / the nitride 310,314.320 for liners ] Then, the trench isolation process by 
the 3rd operation gestalt of this invention is completed by wet etching removing the 1st oxide 
film 312 for hollow prevention which remains on the semiconductor substrate 300, the 2nd oxide 
film 316, the high-temperature-oxidation film 322, and the insulator layer 324 for isolation, and 
carrying out flattening. 

[0041] Hereafter, based on drawing 21 . the structure of the semiconductor device by this 
invention is explained. The trench with which the semiconductor device by the 3rd operation 
gestalt of this invention was formed in the semiconductor substrate 300 and this semiconductor 
substrate, The trench internal oxidation film 308 formed by fixed thickness, for example, 100A 
thickness, along with the wall of this trench. The compound liner layer 318,320 for hollow 
prevention which a deposit is carried out on this trench internal oxidation film 308, and contains 
the oxide film and nitride of every at least one or more sheets. The oxide film 322 formed on this 



compound liner layer 318,320 and this oxide film 322 are consisted of an insulator layer 324 for 
isolation which embeds the interior of a trench with a wrap. 

[0042] Here, the trench internal oxidation film 308 is an oxide film generated by thermal 
oxidation. Moreover, a compound liner layer considers the 1st nitride 310, the 1st oxide film 312, 
and the 2nd nitride 314 as the minimum composition, and if required, it can carry out the 
laminating of an another oxide film and an another nitride to the upper part further. With this 
operation gestalt, the 2nd oxide film 316 and the last nitride 320 are further formed as a 
desirable example. Moreover, although the oxide film 322 formed on the last nitride 320 is a high- 
temperature-oxidation film (HTO), you may constitute the semiconductor device by this 
operation gestalt without forming this. In this semiconductor device, the compound liner layer 
318 serves as main meanses to stop the thermal stress which prevents generating of the hollow 
which is the purpose of this invention at a trench isolation process, and is generated inside a 
trench. 

[0043] The operation [ 4th ] gestalt: When an oxide film and a nitride use the bipolar membrane 
formed alternately once or more as a hollow prevention film, this operation gestalt is almost 
similar with the aforementioned 3rd operation gestalt A difference is using the bipolar membrane 
of the structure the oxide film and the nitride having been formed one by one once [ at least ] or 
more as a compound liner layer. That is, as compared with the 3rd operation gestalt, that the 
built-up sequence of a nitride and an oxide film is reverse differs. Drawing 22 or drawing 24 is a 
cross section for explaining the semiconductor device using the trench isolation method and this 
using the hollow prevention film by the 4th operation gestalt of this invention. If drawing 22 is 
referred to, the pad oxide film 402 and a mask pattern 404 will be formed in the semiconductor 
substrate 400, and a trench 406 will be formed using a mask pattern 404. Then, the trench 
internal oxidation film 408 is formed in the wall of a trench. Here, the pad oxide film 402 and the 
trench internal oxidation film 408 are omissible if needed, 

[0044] Reference of drawing 23 forms the compound liner layer 418 of the structure where the 
laminating of the oxide film for hollow prevention and the nitride for liners was carried out 
alternately once [ at least ] or more, by the LPCVD method along with the level difference of the 
semiconductor substrate 400 in which the aforementioned trench internal oxidation film 408 was 
formed. Here, like the aforementioned 2nd operation gestalt, after the 1st oxide film 410 carries 
out the laminating of not the chemistry gaseous-phase vacuum evaporationo method but the 
silicon film, you may form it by the method of making this oxidizing thermally. It is required, when 
forming the thickness of the 1st nitride 412 for liners by which a deposit is carried out to the 1st 
in 10-50A thickness at this time removes the mask pattern which follows by wet etching and 
generating of the hollow stated by drawing 5 is suppressed. In the suitable gestalt of this 
invention, although the thickness of the 1st nitride 412 is limited to 10-50A, even if it forms in 
10-300A thickness the thickness of the 1st nitride 412 used as a liner layer, it is effective in 
generating of a hollow being suppressed. With this operation gestalt, the number of times of the 
above which carries out alternation is limited to 2 times, and the 1st oxide film 410, the 1st 
nitride 412, the 2nd oxide film 414, and the 2nd nitride 416 are formed in 30A thickness, 
respectively. However, as long as there is need, you may form the compound liner layer 418 of 
the structure which carries out alternation more than it Then, an oxide film 420. for example, a 
high-temperature-oxidation film, (HTO) is formed, the deposit of the insulator layer 424 for 
isolation is further carried out to the grade which can cover the upper part of a semiconductor 
substrate enough, and the heat treatment process for membraneous dense-izing is given. 
[0045] If drawing 24 is referred to. after giving the CMP process using a mask pattern 404 as a 
polish blocking layer and carrying out flattening of the whole surface of a semiconductor 
substrate, a mask pattern 404 is removed by carrying out wet etching using the phosphoric acid. 
At this time, as drawing 5 explained, the hollow generated in a nitride 412.416 can be prevented. 
Subsequently, if the oxide film which remains on the front face of a semiconductor substrate is 
removed, the trench isolation film 424 which a hollow does not generate by the compound liner 
layer 418 can be formed. 

[0046] Hereafter, based on drawing 24 , the structure of the semiconductor device by this 
invention is explained. The trench with which the semiconductor device by the 4th operation 



form of this invention was formed in the semiconductor substrate 400 and this semiconductor 
substrate, The trench internal oxidation film 408 formed by fixed thickness, for example, 100A 
thickness, along this interior of a trench. The compound liner layer 418 for hollow prevention 
which a deposit is carried out on this trench internal oxidation film 408, and contains the oxide 
film and nitride of every at least one or more sheets, The oxide film 420 formed on this 
compound liner layer 418 and this oxide film 420 are consisted of an insulator layer 424 for 
isolation which embeds the interior of a trench with a wrap. 

[0047] Here, the trench internal oxidation film 408 is an oxide film generated by thermal 
oxidation, and does not need to form this. Moreover, the 1st oxide film 410 and the 1st nitride 
412 make the minimum component that by which the laminating was carried out one by one, and 
as long as the compound liner layer 418 is required, it may carry out the laminating of an another 
oxide film and an another nitride further one by one. In this operation form, the 2nd oxide film 
414 and the 2nd nitride 416 are further formed as a suitable example. Moreover, thereby, the 
effect of the hollow prevention stated by aforementioned drawing 5 is played that the thickness 
of the 1st nitride formed in the 1st should just be within the limits of 10-50A. the case where an 
oxide film and a nitride carry out alternation once in the compound liner layer 418 of this 
semiconductor device — the [ the above 1st and ] — when it becomes the structure stated 
with 2 operation forms and an oxide film and a nitride carry out alternation twice, it becomes the 
compound liner layer 418 of the 4th operation form Moreover, although the oxide film 420 formed 
on the compound liner layer .41 8 for hollow prevention is a highHemperature-oxidation film 
(HTO), this does not need to form it. 

[0048] According to this invention, it can suppress that a hollow occurs in the liner layer in a 
trench isolation process by becoming depressed further and forming a prevention film using the 
liner layer for stopping the stress generated at an oxidization process. Furthermore, by 
suppressing generating of a hollow, generating of an in berth narrow WIDOSU effect and a hump 
is suppressed, and improvement in electrical properties, such as the dielectric-breakdown 
property of a transistor, can be aimed at. When a trench isolation process is hereafter given by 
this invention based on appended drawing 25 or drawing 29 , the improvement factor to the 
electrical property of a semiconductor device is further explained to a detail. 
[0049] Drawing 25 is a graph shown in order to explain the improvement factor of the in berth 
narrow WIDOSU effect in the semiconductor device by this invention. According to drawing 25 , 
in the method of evaluating the property of a transistor, the short channel effect and the in 
berth narrow WIDOSU effect are greatly referred to. The short channel effect is checking 
threshold voltage changing according to shortening of gate length in the transistor whose gate 
width's was fixed, and an in berth narrow WIDOSU effect is checking change of the threshold 
voltage according to narrowing of gate width in the transistor whose gate length was fixed. 
Among these, an in berth narrow WIDOSU effect has a close relation to the profile of the 
interface of an active region and an isolation film. For example* in a transistor with narrow gate 
width, threshold voltage Vth increases the isolation film of a localized-oxidation-of-silicon 
system. Moreover, if gate width narrows, as for a trench isolation film, threshold voltage Vth will 
fall. That is, in the case of a localized-oxidation-of-silicon isolation film, the gate oxide film of an 
active-region edge becomes thick by the BAZU beak, and threshold voltage Vth increases. On 
the other hand, in the case of a trench isolation film, the recess of the edge of an isolation film 
will be carried out, consequently electric field will greatly be built in this portion. For this reason, 
in the case of a trench isolation film, if gate width narrows, threshold voltage will fall. Generally, 
with a transistor, it is the most ideal case that there is neither the short channel effect nor an in 
berth narrow WIDOSU effect. However, an in berth narrow WIDOSU effect becomes size, and 
threshold voltage falls, so that a hollow and a groove are intense, when a trench isolation film is 
adopted. 

[0050] In a graph, a horizontal axis expresses gate width (Om). and a vertical axis expresses 
threshold voltage (V), respectively. Moreover, gate length was fixed with 10 0 m by the sample, 
in a graph, the line connected by ** does not use a hollow prevention film like a Prior art. The 
line which is a characteristic curve at the time of forming the liner layer which consists of a 
nitride immediately after after forming a trench internal oxidation film, and is connected by O 



Before carrying out the deposit of the liner layer which consists of a nitride like the 1st 
operation form of this invention, it is a characteristic curve at the time of carrying out the 
deposit of the oxide film by CVD, for example, the high-temperature-oxidation film, (HTO) in 
100A thickness, and giving a trench isolation process. According to this invention, from this 
graph, it can check that the in berth narrow WIDOSU effect has been improved. Moreover, it can 
also check that the profile has been improved by suppressing structural defects, such as a 
hollow and a groove, in the interface of an active region and an isolation film. 
[0051] Drawing 26 is a graph which shows the gate voltage (Vg) when carrying out the deposit of 
the liner layer which consists of a nitride, without becoming depressed and forming a prevention 
film like a Prior art, and a relation with the drain OFF state current (Id). Drawing 27 is a graph 
which shows the gate voltage (Vg) when carrying out the laminating of the oxide film by CVD in 
100A thickness, and using as a hollow prevention film like the 1st operation gestalt of this 
invention, and a relation with the drain OFF state current (Id). When drawing 26 and drawing 27 
are referred to, the gate width of a transistor is lOOm among a graph, and gate length is 10m. 
And five characteristic curves are characteristic curves when a back bias is impressed to 0. -1, 
-2, -3, and -4V from a leftmost side, respectively, according to the Prior art. the hump 
phenomenon (thing (B by which a hump did not occur but has been improved when A) forms the 
liner layer which carries out the deposit of a CVD oxide film (HTO). for example, the high- 
temperature-oxidation film, in 100A thickness, and consists of a nitride like the 1st operation 
gestalt of this invention, although the bird clapper was checked violently) has been checked, so 
that the back bias was large 

[0052] Drawing 28 and drawing 29 are the graphs for explaining the improvement factor of a 
dielectric-breakdown property and the junction leakage current in a Prior art and the 1st 
operation gestalt of this invention. When drawing 28 and drawing 29 are referred to, it means 
whether when what charge flows, dielectric breakdown generates the horizontal axis in drawing 
28 , and the unit is C/cm2. Moreover, the horizontal axis in drawing 29 expresses the junction 
leakage current, and the unit is A And each vertical axis expresses the degree of distribution to 
a sample, and the unit is %. The line which the line connected by ** is a characteristic curve at 
the time of not forming a hollow prevention film but forming a trench isolation film like a Prior art 
among a graph, and is connected by O After [ which forms a trench internal oxidation film in the 
wall of a trench, and consists of a high-temperature-oxidation film (HTO) which is a CVD oxide 
film ] becoming depressed and forming a prevention film It is a characteristic curve at the time 
of forming a trench isolation film, and the line connected by ** is a characteristic curve at the 
time of [ which consists of a high-temperature-oxidation film (HTO) which is a CVD oxide film, 
without forming a trench internal oxidation film ] becoming depressed, forming a prevention film 
and forming a trench isolation film. The case where a hollow prevention film is formed is 
excellent in a dielectric-breakdown property like this invention, and, moreover, a junction leakage 
current property does not get worse so that clearly from a graph. In addition, it was known, when 
a trench internal oxidation film was not formed until now and the dielectric-breakdown property 
and junction leakage current property of a gate oxide film fell. This originates in USG or the HDP 
oxide film which constitutes the insulator layer for isolation touching directly with the silicon of a 
semiconductor substrate. However, like this invention, when [ which consists of an oxide film ] 
becoming depressed and forming a prevention film and the nitride for liners from a simple gland 
or a bipolar membrane, even if it does not carry out side-attachment-wall oxidization over a 
trench wall, it turns out in the dielectric-breakdown property and junction leakage current 
property over a gate oxide film that there is no degradation. 

[0053] this invention was explained in full detail according to the gestalt of suitable operation 
above. However, if this invention is within the limits which does not secede from the pneuma and 
indispensable feature, it can be carried out by other methods, for example, the above — in a 
suitable operation gestalt, although the method of removing the nitride used as a mask pattern 
was wet etching using the phosphoric acid, you may be the dry etching using etching gas 
therefore, the above — it does not pass over the written content in a suitable operation gestalt 
to an instantiation-thing, and it does not restrict this invention If this invention is a person with 
the usual knowledge in a field for the time being [ in the technical thought to which it is not 



restricted to the above-mentioned operation gestalt, and this invention belongs ], it cannot be 

overemphasized that more various deformation than this is possible. 

[0054] 

[Effect of the Invention] As explained to the detail above, according to this invention, in the 
trench isolation process of a semiconductor device, it becomes depress d by forming further the 
hollow prevention film which suppresses etching of the liner layer which consists of a nitride, and 
generating can be prevented. Consequently, it becomes possible to suppress the defect of the 
fall of a refreshment property, a gate bridge, etc. in memory devices, such as DRAM. In addition, 
the electrical property of a transistor can be made to improve. 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This docunnent has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated 
3.1n the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] The property view for explaining change of the electrical property of the 
semiconductor device when preventing a pit using a liner layer, when a pit is generated at a 
trench isolation process. 

[Drawing 2] The cross section for explaining the trench isolation process using the liner layer by 
the Prior art. 

[Drawing 3] The cross section for explaining the trench isolation process using the liner layer by 
the Prior art. 

[Drawing 4] The cross section for explaining the trench isolation process using the liner layer by 
the Prior art. 

[Drawing 5] Drawing by the transverse-electromagnetic photograph for explaining the example of 
an experiment of this invention. 

[Drawing 6l The cross section for explaining the 1st operation gestalt of this invention. 
[Drawing 7] The cross section for explaining the 1st operation gestalt of this invention. 
[Drawing 8] The cross section for explaining the 1st operation gestalt of this invention. 
[Drawing 9] The cross section for explaining the 1st operation gestalt of this invention. 
[Drawing 10] The cross section for explaining the 1st operation gestalt of this invention. 
[Drawing 11] The cross section for explaining the 2nd operation gestalt of this invention. 
[Drawing 12] The cross section for explaining the 2nd operation gestalt of this invention. 
[Drawing 13] The cross section for explaining the 2nd operation gestalt of this invention, 
[Drawing 141 The cross section for explaining the 2nd operation gestalt of this invention. 
[Drawing 15] The cross section for explaining the 2nd operation gestalt of this invention. 
[Drawing 16] The cross section for explaining the 2nd operation gestalt of this invention. 
[Drawing 17] The cross section for explaining the 2nd operation gestalt of this invention. 
[Drawing 18] The cross section for explaining the 3rd operation gestalt of this invention. 
[Drawing 19] The cross section for explaining the 3rd operation gestalt of this invention. 
[Drawing 20] The cross section for explaining the 3rd operation gestalt of this invention. 
[Drawing 21] The cross section for explaining the 3rd operation gestalt of this invention. 
[Drawing 22] The cross section for explaining the 4th operation gestalt of this invention. 
[Drawing 23] The cross section for explaining the 4th operation gestalt of this invention. 
[Drawing 24] The cross section for explaining the 4th operation gestalt of this invention. 
[Drawing 25] The property view for explaining the improvement factor to the electric property of 
a semiconductor device, when a semiconductor device is manufactured by this invention. 
[Drawing 26] The property view of the conventional technology shown in order to explain the 
improvement factor to the electric property of a semiconductor device, when a semiconductor 
device is manufactured by this invention. 

[Drawing 27] The property view for explaining the improvement factor to the electric property of 
a semiconductor device, when a semiconductor device is manufactured by this invention. 
[Drawing 28] The property view for explaining the improvement factor to the electric property of 
a semiconductor device, when a semiconductor device is manufactured by this invention. 
[Drawing 291 The property view for explaining the improvement factor to the electric property of 



a semiconductor device, when a semiconductor device is manufactured by this invention. 

[Description of Notations] 

100 Semiconductor Substrate 

102 Pad Oxide Film 

104 Mask Pattern 

106 Trench 

108 Trench Internal Oxidation Film 
110 Hollow Prevention Film 
1 1 2 Liner Layer 

114 Insulator Layer for Isolation 
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;<)^i&ffll/iTl 5 0~1 5 0 0A©M;ifcT?^{£$tl5S 

ti^{bl^i:*^WJ:< it) 1 ®e^±Si:ir?^fiKSnfc1S^ 
0~3 0 0 A<Z)^®lCT?^fi£rs;i<i:dWSUl/i. ^ 

K<bii (HTo) ^wm^iM^^^\zmt^t.tm 
fcft ©iSiMaxg s e (c^jsm fi:!/^. t fct5t2-7 

Xi^/'^^-XT)^*}*, 'J>K (H, PO^) ^ffllifcS 

T, cvD(cisK{bM^ffiVJ^«-&c^i, mieM/> 
=f-i:iSr^\.fzmz. V vy=f-<Dnmz^M.\\Lm-^-^i\z 

J^fiE-r^Ct*iTt-5. ^CT-, mffSCVDti-SK-fb 
WcD^JPli, 1 0- 3 0 0 A(^igElF^t^5;ic*'$f K 
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2 0 0 AOKHt^t^'SCltAW^L.^i. m?5,m^W± 

Mmi-&i\zmmt^::t*^T^^, ^ft. mfim 
^y-i±mizi5\^^T: i#iicj^fiE$n-5g{bK«, m 
mmtn o~5 o Ao^ai^i-s^ctJi^jff^uv^o 
CO 0 1 0] :$^mm<DmiM»miz^^^m#m'f(Dh 

m-77.i7A^->mimzmmi)m0s.in^^z>\z. m 
?i^m^&M(D±mz<\:^^nmmiz^^m^w±ffi^ 
itm^f^^i^y hti>^4xmt. wtBa*E^±fflSj{b 

BtriH h i^y'S'^^^izmsbjiitstmmzm^^mi^sm 
m^m±mmi\:mii. mmm-^^ 1 0 ~ 3 0 0 Aommp^ 

g{b|g[fS. KM^*^*2 0-3 0 0A®iSHl^»Cfe-5C:t 
[0 0 11] ^mm(D^2MmUZ^^^m^^'f-(Dh 30 
i7/-?:J'->S:j^^-r5,milS<J:, SJK M/>9^:ft^Jffi 

<D±m\zi^u o^ym^j'^i^y hr^^sjimt. mm 
i^&tstmmiz^mi^m&(D±m^m^mf-^^mt&m 40 

ffii?e^K<^-a5^I^ST?>m7XSi, Wt5hU>5^:t 

l-ck-Siv l5fSm3X?i(D->ij3>K«, Ki[Jf *U 0 
~2 0 0 AO^fflrttCfe5^t*W$H.:>. S^. StflB 

ti:ittj.<^±\zmim\z^t)^^v\znocttim 
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\t. ^m9ii^2 o~3 0 0 A©ffifflp*^l^c^fen^^^^^ 

[0 0 12] 2^^BJ0^3ft^^J|ci5ij£^^$||^(;r) |, 

\^>^^m^m\t, ^m^m^±izh\yy^-kmm^p^ 

•^T.^A^-y^m^'^x: mti^mw&mzhvy=3'^ 

uy^p^mm<m^mB!c.-t^^3xmt. mtihuy^ 
p^umimi>ms!i-^nrc^mn^m^±\z, mmmmizr^ 

1 jasii±-^is.\zi^0s.^tirz.mm(D^-^y'i-j-m^m0s.r 

m<D±m\z. ^m^m\z^^Ty-i^^mmmm^m 

ss h >5^<&a*i2.t; i mm\z^m{^m^(D±m^m z> 
m'?i^mmmmmt:B^r^^6xmt, m^huyf- 

±Mm-^7.i7/-^i^-yiimiii1r^^v\z, miR^^^m 

^^m<D~m^^^r^fB7xmt. msihuy^-^ 
Mm-77.^A^-y^^.^r^^8xmtimmt^z 
t^f^mt-r^. :i(of^3M.mi(^mtim4xm<Dm^ 
7-f :Mir*5i'5T. i^sizj^ea^n^&tmt. mm 
if*n 0-^5 0 kommmz&^ztim^Li^ ^ 

fiS^ft^^JgfiKI- 5Xg ^ $ (cSg1-;i tTbm^ L „ 
[0 0 13] *%^©^4^^f:fiilJ{Cj;5^^#:m^^© h 

uy^i^m^mt. ^mi^m^±\zhuy^-kM^-7x 
i7/-^^-yi^m-r^mixmt, mmhi^y^^mm 
■77.^7 A^-y>S:mf^^x. m?i^m»mmzhuy^^ 
m^r^^zxmt. m^s.m^m^\z. m^^^m^^x 
vvy=}-nw^im^m^-t^w.zxmt. muvvy 
'^p^^mitmtmfs.^nttm^^mi!?.m^±.\z. sms 
s xm^vistm mmty^i-ffi mtm t ffi-'pt^. 

m^t^w.Axmt. m^^-^y'ii-moi±.\z. wiek 
]yy^^m.i!bi2^tstwm\z'^m^m^(D±m^mom^ 
^mmmm:^mmt^'m^xmt.. mm-^7.c>n^- 

*r^^6xgt; j\-5'-y^w^^r^m7 
xmt^^m-f^zt^wmtt^, ^(nm4:M.wm<D 
t^IlB^4xs©^i-&7<:^M^c*3^iT. immz'^^t 
ns^fkMtt. ^WiiTJU o~5 0 A®igffli^cfei,c: 

AcfeoiSi&K'fbMSrj^^-rsxgs $ e, (cssr ;i i: 
[0 0 14] t-^m[z^^^m^mi-\t. ^m\zv\^y 

t«oTx/jtv>y K$n;ti>75:<i:fclftJi^±-rt?©K 



( 7 



2000-208609 



11 



12 



h V t ^ ^mt ^^t ^^wl t -r 

v>=?-(D^mz^z>xmwL^nft v vy^^P^w^mm^ 
^<b\zmt^^ttmt.L^\ z.(Dp^um\m\t. m 

-{i-m\t. mimm. %imimms^2^<^\Mtm lo 

KH, 0~5 OA(0®Hrt(C^-5C:t*iJf^ 

ii>i^c < <t fe 1 fte;^±®sijcDK^bKRi>'S{t:«^ s e 
mt,mRzsmtmt:^i>i,zj^^-r.^z.t-i>^x^^, 

b < «. tilE 7 -r m 1 SKiS*>' 1 0 ~ 5 20 

[0 0 15] :$immiZJ:i>t.,^mi¥^'F(DhU>^$S 

>i^&«iA«.a^»-i»itws:S \zm0Zt^ c: t fc cfc 0 s 

i* ® U 1 1 S U 7 U u/ ■> ;i ^fttOffiT^^r*- 

■So 

[0 0 16] .30 

m5\t. ^mmo^mm^&mmr^rctbiz^LTzm^m 

^WM^ (Transmission Electro 
n Microscope, JB^T, TEM) ^-MXh 

5^f*gS15K{t;a 3 5; 1 1 0 A(DMiPtCT?i?lS;T.5. iJsrVi 
T, ^-ft-^mi^fkM (3 i4i<DW<^mfi®) $5 
5 AoKmtCTJ^SJcf^. ^ttT, CVDSSfb^. 
tf i^^aS^fblic}: »3 ;^=!:?)I1J? 5 0 0 A©m 1 ^{bM 4 . K 
P5 5 A0 7-r:ffflm2gftM (4<h5i:(DrBl(7)|ie 
S) , HTOJ;l37i?,Kff5 0 0A®m2gEftE5, M 
Jl 1 0 0 A(Z)-71' 3 ^{ka ( 5 t 6 t ©fslcDII-g 
, HTOJ;i3;^5Mi¥5 0 0 Aco^S^ikMe, S 
U^ttJ?2 0 0 A©^'r:>-fflB4a{t;m (6.t 7 tWFeT© 50 



He®) €:{IM;*:«Ji$-&^. USG (Undo 

pad SilicateGlass) 75:loboA 

<DmM\zx'TtsVvV\^fz^. y<-rm%^^{cM (? 

iSiOFB^CQMfil) SUSS 5 A©Kff{rTxJ}^-:^-v 
i: L/Tffi l/i 6 n-5 U S GMSt/Cp E - T E O S 

2 -^mM^itmtx^x^^^^x^c^mmmm 

(CMP) 5:IEU. ¥#*SSO^M$:¥S<b$ii--5. 

±!Eigg?:iflAfc^©TEMliXT*-5. 
[0 0 17] CMPg, 
i7/'^:J'->2©MM(±2 0 0 OATSb^o ^LTiJ>S? 

7 0 0ASafCX75^>i^$tl§cfc5fc3Sbfc. 
^. -£^^©^^^4, 5, 6, 7©rB'3(-JgfiS;$n5 
ttfcC)^;p*t<l^T:*^^2. ^3SlK^4git;M(C 
?^LTX-i;5">iy*^ii^fc*S^^i^®^ Lfc. ^JPA^ 5 
^k\ZX^^^tltLy-<-r^%2^\\M (4i:5t©rB'3 
©HfiK) ©«-&lCti, -7;^i7/'?:$'->2*ti 7 0 0 A 
SSCX>;/?>if$n-S-5-5(C5 0 OA dgltfiASS^i-) 

fiixy^>if^n. mm^n 0 0 A\zxmss.^nrzy-i 
:^ffi^3S{bK©«•&^c^i, 1200A (stf^BBS^j-) 
*^x75^>^'^n, ft»{ca;5*i2 0 0 Aicrj^^^n 
fc^-f :f^m4^{t;^©ig^(c«, ■7X5';t:5'->2© 
x<y5^>i^g-&VitCja{£<©l 6 0 OA m'PCU^) 

x.y^>i/^nrz. -rut)-^. «±©ri^e,. y-a- 

M©ra(c:J^ff-r5^^tc«, x-;/5">if(c^b, ■^T.i; 

\t, ')ym!^mzmm-r^y-i-)-m^im:<Dmmm.is^m 

^yifmrnTt^^tt^Ti^n^,, m^imm^ib<» 
itifzm^\t. hvy^^^umim^^m^h, ^^\z 
'>t£< t%-77.i'n^-y2 mm \zmmm^ $ n -s 
^o\zmtm'tm^Ltzmz. *53 0 0 Ae^T©^!/^^ 
m\zx'&\m^m^it^t. wm-^^:^!7/-%^-y2 

t^ttltlfcftS^lriTfc^li, Zintt. 05©TEM2?» 

[0 0 18] mimmmm ■. m?^^±miiLx cYPiz 

Iil6 7iv>uili o(i, *%HJ©mi^igfl^^;cj;5ai^ 

8^M1!T£5„ me ^#3BT^i:, 10O~5 0 0 A^ 
mcDAy l-'^{bMl 0 2*iJg^$ti;tii^^ft:Sffil 0 0 
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/t^->l 0 4 ibT^U^n-SgftM (SiN) 
mt^m^m^- (LPCVD) :;^fefcj; 0155 0 0-3 

0 0 0 AcDmmiZXy't^i^y ht^. dClT. /t>> 

9 0 0"C®aS^frTTia®{l:fCj;D?^f!E^tg 

5ifegS(D±C, HTO;ii*©SE{t:K, SiONRUZ 
(ARC) 5 0~1 5 0 0 AoKJPtCTxJJ^v^ S 1( 

e.ns«lii3/i - > ^ j^jS L T li. 
[0 0 19] E7$r#Sg-r-5i:. HJf2-7Xi'A:$'->i 

1 LTiii#^*:S« 10 0 (D-^^j:y^>ifL^ h ^> 

5^1 0 e^m^r^. z(r>'^. m^iM. ^j^ts^^fb 

$:SSL., hP^^'l 0 6©f*^lilt hU'>^(^B?S!{bKl 
IStt=tffl§bT=b«t)7il/5. 20 

[0 0 2 0] n.^. m^vvy^i o ^-^x-vJ-y^-t 
^■nmt. ^*xgTft±g treses nfc 7 :t M^v'T. 

T, 1 0 0 ^"^tsy^m^-x-v^yft^z 

7:i- M^i^T. h/'?^->^fflV^TA-y h'^-fkKl 0 2S 

ihM (ARC, 5:ft^J-77.i7iL-TffiliTT 
iaK?:X-y5^>i5'-rSC:t{CckD hU->5^1 0 6S:Jg^rg 30 

VXi7/'t^-> 1 0 4?&X-;;5^>yv;^i7iLx 
Tffil/iTTiifeai2:X<y?>i7'-r'5;ii:(CJ;0 YVyj-\ 
0 esJ^figLTfe^ti. -r?it:j%, hU>f'?:X>y9^> 

[0 0 2 1 ] Ei8Sr#HgfSi, stlS h U>5^F^gBS^{t: 
^1 0 8*tj^fiS;$n;/S:ig*ti(c^MXSTJ^fiS;$n-S7 

\\Lmi^x>ft^Uh-m±^\ 1 o£i o~3 0 oAoKJi 

(CTx^i?-;/ h1--5. i^l^^T. SiWT. h UTi^M^^/t 40 

1 1 2 i&g{bK (SiN) &fflt,>T, 2 0 
~3 0 0 AcDKJf tCT?^fi£-r-5c 1 1 2 

tt, <gii-ft;^m^§^« (LPCVD) -nm\z^'o9^^i> 

h-rSC:<h7!/5-p#-5» 7 0 CCTi^e. 9 0 or 

(D|i!fiT-?^fi£^tlfciSfiK{bK (HTO, mS-ttr) ^ 

^•Ji 0 0 A<Z)Kjf}cTx#-:^-> hU, 
\'m (HTO) tC^^LT7>^X7y7X^i!!lS^SST 
«l*XgTfil25^:^-ll l2(7)ttJl>eiiiS 

taK-(batCftx.THDP^<bM$:x5}?v7 Vt^mz 50 
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[0 0 2 2] CdT. ;SfiiE{bm (HTO) C0J^J5KX§ 

avi. irf5igfiSE<bK/>ij^fiE$nfcfe*^n, ^m-^m 

Ml 1 4<&x#v-;/ hTS. il©^^5i-Slffi$gaiil 1 
4«. USG. TEOS. HDPKfbH, ^:/v'7> 

(s iHj socvDS{bii[su;c:n?.©^-&K*ie, 
j^gersch^iST^s. do^^^s^iigsiii 1 4i& 

x^v'-;/ h-b7i:^{C, KK®SiS&{b®;^:J6<Dj^5n,gxS 
«rJST. C:©^5!lSiX@«, 8 0 OlCfiViUl I 5 Ot;' 

ckO, 7-;/K (HF) ^U>iS (H, PO<) SOXy5^ 
> i^^SEIwMT S ±(!t:coK©x 7 5^ > i^^d^fiTT-S . 
■e©^. Ml5v;?,i7/1^->1 0 4*t^fctJ-r-5i^.H'fb 
i^tSttWW^ (CMP) X^^Jgb. tifl2lg?^3-|||ffl*g 
^Kll4, 7'\-i-m\i2'EaS^^m±m\\^<r:)— 

[0 0 2 3] C:ot#, a^g^ifcMl 1 Ott. t 

y \ 0 4t:m^'t^tcit(Dm^jiy^y^rx.m-c. ^-fb 

Kcfc07S5 7<-^-Ml 1 2*iX<;/5^>^fgT^>.5iJ>K 

K#®S1iS®J;-5[c. Kb>5^rtlllcK'fbW5r^i[fbT 
J^fiKf^.XgT«, M^>5^rtilC«SE<bM*^?gJ^tfn 
-5*^ -77,^7 /t:5'->l 0 4®g-fbmo{giJ|i{C(JiE-fbM 

->1 0 4 2r^*r^7ti^©SSi:x75^>ifxgT'^-f 
i-mi 1 2/5tU>Kjt?SCSffi1-5«SW*sj£/0^'O. ;r 
-AX7 5^>i^Sr:^-r<i:t-. -rMi 1 1 2 ©^{bJifc 

o-SK*s#^i*SS©T;5 tc ffi] ^tTx 5=- > $ n, 

;c. V7i7A:$'->l 0 4(D{l!lffi(CCVDICi5K'fb]^ 
[0 0 2 4] S9Sr#Sg1-S<i:, ff(IECMP;{|iSg$n;t 

*S#St£fc. ^im^y)fs.^-77.i;n$'-yiQ4^ 
^^r^fttfxDm^x.y'S'yif^mr, ^om^xy^- 

fi. A 7 Kss-fbiisi 0 2±\zmtm*msT^zt^m 

i\i-t-«t-nxy^y^^noo xy^yif\t, m.^ 
xy^yif\z^r>m-rmi5'&xy^yif^^.i;.\zmm\. 

\z^^mtm:^'&xyj-yifx-h-oX-h^\^^, CKDt 

H^^ftSSi 0 0©T;&(;:[S]^tT7i':M 1 1 2*^ 
x->5'>i7'$?q.Sgi5(.^S(jKiit$n?,*^ (H+BSE 
^i-) . z.n\t.. mitm^'ofs.^y-i-rmi 1 2*^ cv 
-Dmim^K>fs.^m^m±w.i i o ts^g^-ftM (ht 
o). m^\tm'^i^mmmm.m.i 1 4C9PB^(c^ff$n5;i 
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■5. 

[0 0 2 5] 01 0&^,^-r?.i:, 1512^7. i7;t5'-> 

yifm^n < , 1 0 0 ^mmr^ -> u ^ >^ 

K^kK 10 2. ai;*^i»±K 1 1 ^ms-n^'^n.m^m 

1 1 4<D— gi5tt^:i:II^*$nT^tf'fb-r'5>. ^^(C, 

^mmmm. 1 1 4 <!:sttM^.<;i0:K^ffiicTig4LT 

tifcS^©%^€rB5±-r-5^<i:*^-C#-5 (HI 0® 
C) . ■ 

[0 0 2 6] %2%Wim : a^E&jJiMj: LTv'J J> 

iCjSfJS-rSi^i C#bTS-5o ^1 l7S:tiLEIl 

S 1 1 S#BST-5t, A-;/ HKikM2 0 2*s^fiS;^?nfc 
4^^#:$S2 0 0±\Z. .-^7.i7J-^^->2 0 4 5:gft:M 
tCTJg^eb. ^©•7>;i'/t^->2 0 4^^t.iT#^#: 

2 0 6 &?gfi5;-r-5. :i©t^t-fc. ^l^J£?^^t|tI# 
fCRMI»±K^fflVi'5:it*^T^, Mx>5'©X-;/?> 

"^mSS.T^tcisbiZ. ->U=I>K2 0 8S1 0~2 0 0 A 

>?:fflV:>T^>^. #U->'J:3>S:->Ua>K2 0 
8ibT5^#v-;/ M--5XS^#«, LPCVDgg^ 

9=-Y>/N'SSS:5 0 0-7 0 Ot:. ^^y^Btl 40 
^13. 3~79. 8Pa (B§0. 1~0. 6Tor 
r) tb, ^yy^y (SiHJ ;i?X^5 0 0 cc/ 

PCVDggSrffll/i, 9^vWN*ag$-4 0 0~7 0 0 
■C. ^^yj-^I£tl^l 3. 3~7 9. SPa (ffigO. 1 
~0. 6Torr) tU S i : H, ;ifX& 5 0 S C CM 

[0 0 2 7] HI 2S:#3B-f ffrfav 'J =l >K 2 0 
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S6LTtfrf5->Un>K2 0 8^, ,^K^t;HJ;-5K{t;M(7) 
a^5^B&lfcM2 1 0{c:^;^5. dHlr, tJ^'J vU a>J; 0. 
/^^->U3>K2 0 8 75s^±(ri?{bWcS@-r^^ 

■rj:t55^*^o :in&i»±-r'<:<, f^d^s^-;/ h^nTSiv- 
'j 31 >m 2 o s ti^^±\zm^t-^n^ i p t , MSs^kBtw 
€riifii5-rs:i<i:*i»^tvi. mm^mitoxm^mt. 
±^s.^mo:>'^^y/'\(D^m^8 oo~iooo'ctiii 

15 SS^*'7, (Oj) * 5-1 5 I /mi n, mYfc* 
^ (HC 1 ) A';^^0 . 0 5-0. 2 1/mi n©4fc 

[0 0 2 8] SE^ftffiT^, ->U >M2 0 8 

'ft;]»=fc'37a:5V7,i7/^:J' — >2 0 4©ffi!llitr«S^IS&± 

K2 10. ffct^D-^, m^tm^^msSi^nfsiii^-Drz. u*^ 

-rX5'/'^5'->2 0 4 0ffliM(Cfemi^iSJgL^C9J:-5(c 

s^Kii:K2 1 o<D^m^T^mmitm-i)mm^n^, 

-5)8®aS:a/Mkb. 7''f:^S (0160212) ©X 
[0 0 2 9] 01 3 t:»^.ti> t. ■mmmmitX.miZj:: 

^mm (LPcvD) :^m\z^D2o~3ooA(omm 

iZT^^m (SIN) S:W«tT5 7-f :^^2 1 2 

[0 0 3 0] lai 4$:#BBrsi, tjiB^mtKc, m^t 
m. m^itK&m<tm (hto) (n^-fr-r) ^mio 
oAommizTmm^it, Ty^-yr/yx-^mm^m 
Lx. ^'^:^Ji2 1 2;i^^ggzgT?^<7ao/tci. 

«0aM^+^a;^-l> J; -5 t^^ii-^^lgltK 2 1 4 S 

[0 0 3 1 ] Ell 5^#ag-r-5i, BfifSvXi7A^-> 
2 0 4S:iFgElLSt bTfflV^ CMPXS£^fri 

m^mj-5i-m.mmmm2i4: ^^i-m2i2 

[0 0 3 2] H 1 6 S:#Hg-r5 HtTlE^fflfcSr^^fc 

^mi^mmz. -^xi7A^-y2 o 4 ^^sr^fcfe© 
u^xy^yif^mto ^(Dt^, WL^xv^yi/mt 

-/•^xy^yi^^mt'^mx\ ^<tmj:^t£^-7xi7A 

:$'->2 0 4«^^tcl^S$nS/i)^ ^■i\:m^K)f3.^y 

'f^J12 1 2li, Xy^y-i/mcOm'^^Otzlii im5(Dm 

^mpm) . ^mi$^&^K2 0 o(DTyj\zmts^o\zxy 
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!5;-5^^^i-|iffii^,itK2 1 40X75^>y^T-*(3, m 

[ai] 





S I N 






USG 




(2 0 4) 


(2 1 2) 


(2 1 0) 


(214) 




5 2.3 


2 1.6 


2 


3 


LAL 2 0 0 


3 


^0 


2 1 8 


3 3 0 



c:lx\ LAL 2 0 0tt. tJfE¥@#SSross±(cS 

lir-5i!'fbKT*5Sl^l&itK2,l 0« ^^ii-gfffl^filt 
K2 1 AmSny Kgg{bM2 0 2 ^U^JUy^yif\zi. 

KSrS2p(;:UT. LAL 2 0 0©X>;;5^>i^^(S^t)2 0 
OATafe-5. 

[0 0 3 4] SI 7tt> tfrS5#SfrS^2 0 OCDg®± 
(Cj;f3, *%?g®^2|ISaj&^lCJ;5hU>5^^?^)-|l 

T«v'ij3i>&fi^{fc;^-ti:TJgfigLfcfi^KitK2 1 0 
ifimtm^Kl-tS.^y'^^mi l 2©X->5^>;y^$:^i: 

CO 0 3 5] m 3 mm^m : m^^±mtLT^^mt 



y-^i-m^im^mm-t^mtxmT'mrim^^i^^^m 

^mLfzmzm'F^mmi^mmts^mi^toi^^m-c 
B^ti^^^t ^mm ^ tztbizmm s tirz^(D-v 
rut)-^. m^^y-fi-^^<m(DrB'i\zm^tm^» 

c:<!:SI»jtTS<!:|iIB#{C. ^-f :^ffi^^bJlOX75^>i^ 

[0 0 3 6] HI 8 7feliL02 Ki, *^B^©m3||:^ 

m\Zbr. ^^#Sffi3 0 OtCA'7 KiE'fl:M3 0 2, -7 
Xi7A^->3 0 4SJ/hl/>?3 0 6^?gf£L. :k^^ 

x\ \'i-y^(op^m\zhuy^f^mmtm3 o.s'&mi 

[0 0 3 7 ] gjl 9<£#Ba-r^<i:. MIS hl/>5"rtlfKK 



{tK3 0 8;6^jgfig$nfc^at)ic. y-(i-m^^tmtm 
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